IgH locus suicide recombination (LSR) occurs in activated Blymphocytes and may result in the death of the concerned B cell, justifying the name "locus suicide recombination".
4,5
Nevertheless, using high-throughput sequencing method and our CSReport computational tool 6 developed to unlock the methodological limitations for LSR detection, we compared the structural features of LSR and CSR junctions in murine samples. Surprisingly, we observed different repair signatures between LSR and CSR suggesting different DNA repair pathway recruitment at Sµ and 3′RR. We performed an in-depth study of LSR recombination in wild-type murine splenocytes. Our research has been approved by our local ethics committee Comité Régional d'Ethique sur l'Expérimentation Animale du Limousin, Limoges, France. For each sample, sequencing libraries were prepared from PCR products which amplified LSR or CSR junctions. The LSR and CSR junction sequence counts and structural features were obtained using CSReport on sequencing data. As expected, CSR junctions exhibited preponderantly few microhomologies (1-2 bp) and blunt structures. As shown in Fig. 1a , the LSR structure profile differs from that observed in CSR junctions. We observed a strong decrease in the number of blunt junctions or junctions with microhomologies <3 bp in LSR. In contrast, junctions harboring insertions of 4 bp and more were more frequent in LSR than in CSR. Fine analysis of the distribution of junctions with insertions or junctions harboring microhomologies highlighted that LSR, compared to CSR, preferentially used junctions with insertions longer than 3 bp and the enrichment of junctions with microhomologies 3 to 6 bp long (Fig. 1b, c) . Certain hypothesis could explain the presence of longer sequence microhomologies at the LSR junctions. Cohesive ends at the DSB can favor microhomology at the junction point 7 resulting from DSB DNA resection or from spaced targeting of AID creating distant singlestrand breaks and promoting DSB with long single-strand DNA segments. In both cases, such DNA ends would not be adequate NHEJ pathway substrates. Another explanation for the increase in microhomology at the LSR junctions can be a high sequence homology between the Sμ regions and the 3′RR. 8 However, the LS regions were identified by looking for similarities to Sγ1 regions. As a result, the repair structure of LSR at the expected Sμ-LS junction site would approach that of Sμ-Sγ1 junctions. Moreover, neither the cohesive structure of the DSB ends nor a strong homology between the donor and acceptor sequences explain the increased LSR junctions with insertions. For these reasons, we explored the possibility that LSR uses a repair system other than NHEJ employed primarily in CSR.
There are several pathways solicited for DSB reparation. The two major ones are NHEJ and homologous recombination (HR), but there is also the A-EJ pathway. Defects in NHEJ decrease CSR 4, 5 and underline the importance of NHEJ in this process. HR does not seem to be directly implicated in CSR but rather to compete with NHEJ 9 and could contribute to DNA repair of unresolved CSR-induced DSB after the cell cycle S phase. 10 A-EJ accounts for the residual CSR. A-EJ mediators are not well defined and several systems seem to be involved such as MMEJ (microhomology-mediated end joining) and TMEJ (DNA polymerase theta (Polθ)-mediated end joining). Among the actors identified in the MMEJ, PARP-1 has been implicated in CSR.
11 DNA Polθ and TMEJ deficiency do not impact CSR. 9 To gain insights into DSB resolution during LSR, we analyzed the recruitment of XRCC4, RAD51, PARP-1, and Polθ to the S and 3′RR regions. We performed chromatin immunoprecipitation (ChIP) analysis in 48 h in vitro lipopolysaccharide + interleukin-4-stimulated B cells using antibodies raised against XRCC4, RAD51, PARP-1, Polθ, or no antibody (mock condition), and we determined the relative enrichment of Sµ, Sγ1, hs1,2, or hs4. Sγ3 was used as a negative control (Fig. 1d ). We observed an increased level of enrichment of XRCC4 and PARP-1 proteins at the Sμ region, which is consistent with the involvement of NHEJ and A-EJ. Surprisingly, we did not see enrichment of XRCC4 at the level of Sγ1. PARP-1 was also found to be associated with hs1,2 and hs4. The absence of XRCC4 protein recruitment at the level of Sγ1 is surprising, but loop conformation of the IgH locus and synapse of S regions during B-cell activation 12 may allow the repair of DSB by DNA repair molecules present at Sμ. At the 3′RR segments, the absence of XRCC4 and the recruitment of PARP-1 suggests the orientation of DSB repair at these sites to A-EJ. No RAD51 recruitment was observed on the studied segments of the IgH locus consistent with its lack of involvement in CSR and this discards HR usage during LSR. Polθ does not seem to be recruited to the IgH locus as fold enrichment (FE) values for Sµ, Sγ1, hs1,2, or hs4
were not statistically different from that of Sγ3. Polθ has not been shown to be required during CSR, but some data from the literature led us to test its participation in LSR. Polθ expression is increased in germinal B cells 13 and Polθ is responsible for insertions longer than 4 bp and microhomologies >2 bp in DSB repair products 14 as particularly observed in LSR junctions. However, our data suggest no role for Polθ during LSR.
Finally, delineation of mechanisms controlling accurate repair of IgH locus DSB, which are a potential source of translocation, is primordial. Our results account for major involvement of the A-EJ pathway during DSB repair during LSR rather than NHEJ as in CSR and suggest that CSR and LSR IgH locus recombinations are controlled by different balances between the DSB repair pathways. c Repair structure of CSRγ1 and LSR junctions with microhomologies. χ 2 test: *P < 0.05, **P < 0.01, ****P < 0.0001. d XRCC4 is associated with Sµ and PARP-1 is recruited to LSR concerned regions (Sµ, hs1,2, and hs4). Fold enrichment (FE) of DNA repair proteins at regions concerned by LSR recombination (Sµ, hs1,2, and hs4) and CSRγ1 recombination (Sµ, Sγ1). Sγ3 was used as a negative control. Fold enrichment is shown for XRCC4 (N = 5 or 6), RAD51 (N = 5), PARP-1 (N = 3 or 4), and Polθ (N = 3). Histograms show means ± SEM. Unpaired T test: ns nonsignificant, *P < 0.05, **P < 0.01
